Gap non-union of the tibia is frequently associated with deformity, infection and shortening. Ilizarov's method of bone transport was used in the management of twenty-five cases of gap non-union of the tibia. The mean bone gap was 6.53 cm (range 4 to 12 cm). Union was achieved in all cases within a mean period of 11.12 months. The mean time taken for union, per centimeter of bone gap was found to be 1.7 months/cm. Pin tract infection was the commonest complication, seen in 9 cases (36%). The other complications encountered were neuropraxia (n = 3) deviation of the transported bone segment (n = 7), buckling of skin at the advancing side of bone (n = 4), traumatic corticotomy (n = 3), incomplete corticotomy (n = 1), equinus deformity (n = 4), knee stiffness (n = 4) and curling of toes (n = 4). The bone healing results were excellent in 92% of cases and good in 8% of cases. The functional results were excellent in 84% of cases, good in 12% and fair in 4% of cases. Thus bone transport by Ilizarov's method manages the bone loss and the associated conditions with good bone healing and functional results.
Introduction
The tibia is one of the most commonly fractured long bones [1] . Open fractures are more common in the tibia than in any other major long bone [1] . High-energy fractures may be associated with bone loss, compartment syndrome and neurovascular injury. Improvements in medical science have shifted the treatment philosophy of such fractures from amputation towards limb salvaging procedures. The result of this paradigm shift is an increase in non-union associated with other complications like bone loss resulting in a gap, shortening, infection and deformity. The treatment of such complicated nonunions presents a formidable challenge to orthopaedic surgeons. The concept of distraction osteogenesis has been used in various situations like limb lengthening, bone transport and deformity correction. Bone transport using this principle enables the management of tibial bone loss and all its associated problems. The aim of this study was to assess the outcome of management of gap non-union of the tibia by bone transport using Ilizarov's method.
Materials and Method
Twenty-five cases of gap non-union of the tibia were included in the study. The mean age of the patients was 34.54 years (range 21 to 54 years). There were 18 males and 7 females. The mode of initial injury was a road traffic accident in 21 cases and fall from height in 4 cases. The mean duration since fracture was 10.58 months. All the fractures were open. There were twelve cases of grade 3B, six cases of grade 3A, five cases of grade 1 and two cases of grade 2, according to Gustillo-Anderson's classification of open fractures. The modality of initial management was an external fixator in eighteen cases, intramedullary nailing in five cases and manipulation and above knee POP cast with a window, in two cases. The type of non-union at the time of application of the ring fixator was B3 in fifteen cases and B1 in ten cases according to Paley's classification of non-union of long bones [2, 3] . Infection was quiescent in 14 cases and draining in 11 cases. The mean bone gap was 6.53 cm (range 4 to 12 cm). The cases had undergone a mean of 1.4 surgeries (1 -4 surgeries) before bone transport. The cases were carefully assessed both clinically and radiologically preoperatively. The associated problems like infection, deformity and shortening were documented. Fibulectomy was done at a level different from the proposed corticotomy and non-union sites. Debridement was done in case of persistent infection and the material sent for culture and sensitivity tests. Ring fixator using the principles of Ilizarov was applied using a free hand technique in all cases. The wires were applied in the safe zones in each segment. Intra operative correction of deformity was attempted and if not possible, hinges were applied at the appropriate level to facilitate gradual post operative correction. Corticotomy was done in all cases. The pin sites were dressed with povidone iodine soaked gauze pieces and a rubber stopper was applied. The corticotomy, fibulectomy and debridement wounds were dressed using sterile gauze.
Post-operatively, the limb was elevated to prevent oedema. Distal neurovascular status was constantly monitored. Six doses of intravenous Cefuroxime were prescribed. This was followed by oral/ intra-venous antibiotics based on the culture and sensitivity for a period of three weeks. Pin tract dressing using spirit or povidone iodine was taught and the patients were encouraged to do it themselves.
A latent period of seven days was given before starting distraction. After the latent period, distraction at the corticotomy site was started at the rate of 1 mm/day i.e. 0.25 mm every 6 hours. The patient was instructed to walk with gradually increasing weight bearing using two crutches. A foot orthosis was attached to the frame. The assistance was gradually tapered down to one crutch and finally to full weight bearing without any assistance. Physiotherapy of the knee and ankle were instituted. Based on the appearance of regenerate on the follow up roentgenograms, the speed of distraction was adjusted. After docking, the rate of compression was slowed down to 0.25 mm/3days [4] . Bone grafting was not done in any case.
Union was assessed based on clinical and radiological criteria. The clinical criteria used were absence of pain and tenderness at the docking site and absence of abnormal mobility assessed by disconnecting the rings on either side of the docking site and moving the bone segments. The radiological criteria used were consolidation of regenerate in atleast 3 of the 4 cortices and appearance of trabecular continuity. After the removal of the frame a patellar tendon bearing cast was applied for a period of three weeks with full weight bearing. After removal of the cast the patient was allowed to walk without assistance.
The final outcome of management was assessed based on bone healing and functional results. The bone healing was graded, according to Paley's criteria [2] , as excellent when union was achieved along with absence of infection, a deformity < 7˚ and limb length discrepancy < 2.5 cm. It was graded as good when there was union along with any two of the other three criteria and fair when only one of the three criteria was fulfilled along with union. Nonunion along with a persistent or recurrent infection was considered a poor result.
The functional results were graded, as per ASAMI criteria, as excellent when the patient was active, without a limp, with minimum stiffness (<15˚ knee flexion deformity/15˚ loss of dorsiflexion of ankle), no reflex sympathetic dystrophy (RSD) and had no pain. It was graded as good when the patient was active with one or two of the following: limp, stiffness, RSD or significant pain and fair when three or all of the following: limp, stiffness, RSD or significant pain were present. A poor result was when the patient was inactive and unemployed or was unable to do activities of daily living due to the injury. An amputation was considered a failure. The patients were followed up for a period of 24 to 41 months (mean 29 months).
Results
Union was achieved in all cases within a mean period of 11.12 months (range 6.5 to 14.5 months). The mean time taken for union, per centimeter of bone gap was found to be 1.7 months/cm. Pin tract infection was seen in nine cases (36%), all of them being grade 1 infection, according to Paley's classification. Transient neuropraxia was observed in three cases (12%), which resolved completely within 3 months. Deviation of the transported bone segment was seen in seven cases (28%). Buckling of skin at the advancing side of bone was seen in four cases (16%). Corticotomy related complications were seen in 16% of cases, three cases of traumatic corticotomy and one case of incomplete corticotomy. Equinus deformity occurred in four cases (16%). Knee stiffness was present in four cases. Curling of toes occurred in four cases (16%). Pain was persistent in one case. There was no case with persistent infection, residual limb length discrepancy > 2.5 cm or refracture after fixator removal. The bone healing results were excellent in 92% of cases and good in 8% of cases. The functional results were excellent in 84% of cases, good in 12% and fair in 4% of cases. Table 1 shows the results of all cases. The result of one of the cases is shown in Figures 1 to 6. 
Discussion
The difficulty in the management of non-union of long bones is compounded by the presence of bone loss, shortening, infection and deformity. The bone gap may be spontaneous due to bone loss during the initial injury or iatrogenically produced after debridement for osteomyelitis occurring after the initial management. Tibial bone loss may occur after high velocity road traffic accidents. It may also be seen in gunshot injuries [5, 6] . Aseptic non-union without gap has been treated with refixation with various implants like plates and screws and intramedullary nails with bone grafting. The presence of a gap excludes the use of these modalities. Bone trans- port using the principles of distraction osteogenesis offers a solution to this complex problem. The ring fixator with tensioned wires offers rigid fixation [7] and the corticotomy contributes to the biological process of fracture healing [8] . It improves the vascular supply and thus reduces infection. Shortening and deformity associated with the gap is also effectively managed with the ring fixator.
Healing time is shortened in tibial fractures when the method of fixation allows intermittent cyclical axial loading [9] . This maintains bone mass and enhances remodeling [10] . Bone transport is done at the rate of 1 mm/day to bring the bone segments into maximal compression indicated by the appearance of pain. The compression rate is then slowed down to 1 mm/12days [4] . The rationale behind this protocol is that further compression at the same rate would cause intense pain and bending of the wires in the construct. Bone grafting was not done in any case, in contrast to other series in literature where the rate of bone grafting ranged from 10% to 72.22% [11] [12] [13] [14] . The mean time taken for union from the time of application of ring fixator, 11.12 months, is comparable with other series in literature which ranged from 13.6 to 16.7 months [3, 15] . This duration correlates well with the quantum of bone gap. The time taken for union, per centimeter of bone gap in our series (1.7 months/cm) is better than the series of Bobroff et al. (2 months/cm) [15] . The success rate of our series is comparable to other series which ranged from 83% to 100% [6, [14] [15] [16] . Pin tract infection was the most common complication in our series, as in other series in literature [14, 16, 17] . Other complications like persistence of infection [13] , refracture [11, 14, 18] and vascular injury were not encountered. The bone healing and functional results (excellent in 92% and 84% respectively) achieved also compared well with other series [3, 5, 19] .
Conclusion
The bone transport technique introduced by Ilizarov regenerates bone in the gap along with lengthening, correction of deformity, increase in local vascularity and eradication of infection. The procedure gives good to excellent bone healing and functional results. It offers a comprehensive approach to management of such difficult cases, making it a technique par excellence in the treatment of gap non-union of the tibia.
